ABSTRACT Transmission-emission scanning of the thorax with a flood source of technetium-99m (9'Tc), autologous 'Tc labelled red blood cells, and diethylenetriaminepenta-acetic acid (9'Tc DTPA) allows measurement ofthoracic tissue thickness and blood and interstitial volume per pixel of the gamma camera image. Volume of blood or interstitium per pixel divided by pixel area gives the thoracic tissue thickness for these two compartments. A measure of lung tissue thickness may be obtained by subtracting chest wall thickness as measured on a lateral chest radiograph. As part of the evaluation of this technique 13 patients were scanned before treatment for proved or presumed pneumocystis pneumonia and their results were compared with those of 12 normal young men, approximately matched for age. In the patients with pneumocystis pneumonia lung tissue thickness at the base ofthe right lung averaged 3 4 cm (71 %) more than that in the normal subjects, and interstitial thickness was 1 2 cm (150%) more than in the normal subjects.
Introduction
We have recently described a new technique for estimating tissue mass using a gamma camera.' In transmission scanning gamma rays are passed through the thorax and by measurement of the attenuation of the gamma rays the thickness of attenuating tissue can be calculated. Lung tissue thickness is increased in interstitial lung disease and decreased in emphysema.' After a transmission scan has been performed the patient's blood is labelled with a gamma ray emitting isotope, and the emission of gamma rays from the thorax is measured, with a correction for attenuation based on data derived from the transmission scan. With suitable calibration the volume of blood in each pixel of the gamma camera image can be determined from the counts per millilitre of blood. Finally, the extracellular fluid is labelled, and after a suitable time for equilibration values for thoracic interstitial fiuid volume for each pixel are derived.
As part of the evaluation of this technique, we have studied patients with Pneumocystis carinii pneumonia. This disease is usually characterised by increased opacification of the chest radiograph, and we could compare findings before and after treatment. Our hypothesis was that transmission-emission scanning may supplement the radiological information, firstly, by giving precise measurements of the extent of abnormal pulmonary shadowing and, secondly, by allowing images ofabnormal tissue to be resolved into intravascular and interstitial compartments. measure 'Tc activity in whole blood and plasma in a well counter, and to measure packed cell volume; 7 mCi of 'Tc DTPA was then injected to label the extravascular compartment, followed by scanning for a further two minutes, starting three minutes after the injection. During this period a further 6 ml blood sample was taken to measure whole blood and plasma radioactivity. To obtain a scan of 9'Tc DTPA free of counts from 9'Tc labelled erythrocytes we subtract the stored blood image from the composite image. Emission scans are corrected for attenuation by means of the formula EMx Eo =
Methods
(1 -e-8) where E is the measured activity from the thorax, and Eo the total unattenuated counts. The px used in the equation is derived from the transmission scan.' Blood volume was calculated on the basis of the 9'Tc erythrocyte counts from the blood taken at the time of scanning, on the assumption that thoracic blood packed cell volume is 0-9 of peripheral venous packed cell volume.3 Interstitial volume was obtained by subtracting calculated plasma volume from 9'Tc DTPA distribution volume. A computer program was used to select regions of interest from apex to base down the central regions of both lung fields. Analysis was performed on each pixel of the gamma camera view. Blood volume and interstitial volume divided by pixel area (0-64 cm2) give a value for the "thickness" of these compartments.
After scanning, posteroanterior and lateral chest radiographs were taken with radio-opaque markers attached to the skin. Chest wall thickness was measured from the lateral radiograph. Thoracic tissue thickness, blood thickness, and interstitial tissue thickness were measured at four levels in the lower half of the right lung. Chest wall thickness was subtracted from thoracic tissue thickness to give lung tissue thickness.
We assessed the appearance of the chest radiograph at the time of scanning using a semiquantitative scoring system (table 1). The radiograph was given a number on the basis of the extent and density of parenchymal lung shadowing. The films were coded before being read by one ofus, so that the radiographic information was unbiased by knowledge of the scan itself.
STATISTICAL ANALYSIS
Paired and unpaired t tests were used to assess the significance of the results of the transmission-emission scans. Spearman's test of ranked non-parametric correlation was used to determine the degree of relationship between lung tissue thickness and interstitial thickness and radiographic score. The radiograph score showed a significant and positive correlation with lung tissue thickness (p < 0-05) and interstitial thickness (p < 0-05) (figs 3a and 3b) but no significant correlation with blood thickness.
Discussion
In patients with pneumocystis pneumonia who have an abnormal chest radiograph we have shown that tissue thickness (in the anteroposterior plane) was 2-6 cm (27%) greater in the lower lung zone than in age matched normal subjects. We also found an increase in extravascular 'Tc DTPA distribution volume, suggesting that some of the radiological opacification is due to an increase in extracellular and extravascular lung water. These changes in tissue and interstitial tissue thickness correlated with a numerical scoring of the chest radiograph. Blood thickness was normal. The technique uses readily available equipment and reagents and was acceptable to the patients. There were no complaints or complications.
Technetium-99m DTPA is a small hydrophilic molecule that is distributed with extracellular fluid. It Table 3 Mean (SD) thickness oftransthoracic tissue compartments in the normal subjects andpatients with Pneumocystis carinii pneumonia 
